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Changjiang EstuaryHypoxia off the Changjiang Estuary has been frequently reported using short time duration ﬁeld data. However,
its evolutionwas unknown because of a lack of long-termdata and its associated dominant factor. A 104-day long
datasetwas collectedwith a bottommounted systemoff the Changjiang Estuary in summer 2009. Themonitored
parameters were bottom dissolved oxygen (DO), temperature, pressure and current. Two hypoxia events were
identiﬁed, showing that hypoxia was severe and lasted for more than a half month. The ﬁrst event appeared
on July 18 and lasted 17 days. During this hypoxia period, the minimum DO was down to 0.17 mg/L, which
broke the historical record. The second hypoxia event appeared onAugust 30 and lasted 18dayswith aminimum
DO of 1.29 mg/L. The variation of bottom DO was closely related to that of stratiﬁcation. The monitored data
showed that almost every increase/decrease of DOwas associated with a weakening/enhancing of stratiﬁcation,
which were recorded as many as 12 times during the monitoring period. Wind mixing modulated or broke the
stratiﬁcation, which affected the variation of bottom DO and hypoxia events. Using a lagged correlation analysis,
the stratiﬁcation andwindmixingwere signiﬁcantly correlatedwith a coefﬁcient of determination r2=0.72, and
stratiﬁcation lagged wind by 35 h. The bottom DO and wind mixing were signiﬁcantly correlated with a coefﬁ-
cient of determination r2 = 0.65, and DO lagged wind by 33 h. The formation periods of two hypoxia events
estimated from monitored data were 20 and 15 days, which were much shorter than that from on-board
experiments. Strongwindmixing played a dual role on hypoxia. It could relieve hypoxia conditions by supplying
DO throughmixing. It accelerated the formation of hypoxia afterward as a result of the enhanced phytoplankton
bloom induced by wind mixing and high organic decomposition rates consuming more DO.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).1. Introduction
Dissolved oxygen (DO) threatens marine animals when its concen-
tration is lower than 2 mg/L or 62.5 μmol/L (Boesch and Rabalais, 1991;
Diaz and Rosenberg, 1995), which is deﬁned as hypoxia (Montgomery,
1969). Additionally, hypoxia could transform the community structure
of zoo benthos (Ning et al., 2011) or damage the coastal ecosystem
(Diaz and Rosenberg, 2008). Increasing coastal hypoxia was reported
in the last few decades around theworld because of enhanced anthropo-
genic nutrient loading. The seasonal hypoxia off the Changjiang Estuary
is one of the most focused targets and has been a hot spot for interdisci-
plinary studies in recent years (Zhang et al., 2010).
Although the seasonal hypoxia off the Changjiang Estuary has been
frequently reported using data observed by ship based ﬁeld surveys,Satellite Ocean Environment
ic Administration, 36 Baochubei
fax: +86 571 88839374.
. This is an open access article underwhich are generally performed annually, seasonally and monthly, we
were still unclear how it forms, maintains and disappears because of a
lack of continuous observations (Wang et al., 2012; Zhu et al., 2011).
The hypoxia area expanded fast and became one of the world's largest
coastal hypoxia (Li et al., 2002; Wang, 2009; Wang et al., 2013; Zhou
et al., 2009) when it was ﬁrst reported in the 1950s (Gu, 1980). The
formation and evolution of hypoxia were closely related to complicated
physical processes from the interaction of the Changjiang DilutedWater
(CDW), Taiwan Warm Current (TWC) and Kuroshio water masses, in
addition to chemical and biological processes and bottom topography
(Li et al., 2011; Ning et al., 2011; Wang, 2009; Wei et al., 2007; Zhou
et al., 2010). The stratiﬁcation of the water column and oxygen con-
sumption through organic decomposition were two essential factors
for the formation of hypoxia off the Changjiang Estuary (Wang et al.,
2012). Typhoons, monsoons, cold air and tides are important factors
to mediate hypoxia through weakening or breaking stratiﬁcation,
resulting in bottom oxygen supplement from the surface (Chen et al.,
2007; Wei et al., 2007). However, there was no direct evidence to
demonstrate this hypothesis because of a lack of continuous data; thethe CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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because of heavy ﬁshery activities off the Changjiang Estuary.
In this paper, we analyze the relationship between bottom DO
and sea surface wind (SSW) with a 104-day time-series of bottom DO,
temperature, depth and current at a station in the northern Changjiang
Estuary. The evolution process of formation, maintenance and disap-
pearance of hypoxia are shown alongwith the variation of stratiﬁcation.
The role of wind mixing and Chlorophyll-a (Chl-a) on the evolution of
hypoxia is also discussed.
2. Data and methods
The long-term time-series data of interdisciplinary parameters at
mooring station B in the northern Changjiang Estuary during summer
2009 were collected by a Trawl Resistant Bottom Mount (TRBM) (Ni
et al., 2014). Mooring station B is shown in Fig. 1 and is located at
31.5°N/123°E. It was deployed on June 6 and recovered on September
17, lasting 104 days. The bottom DO was measured with an Aanderaa
Oxygen Optode 3835 sensor. The sea bottom temperature (SBT), salini-
ty and pressure were measured with a RBR Conductivity-Temperature-
Depth (CTD). The current proﬁle was measured using a RDI-WHS
Acoustic Doppler Current Proﬁler (ADCP). All of the instruments were
mounted on the TRBM, with a sampling interval of 30 min. The DO
and CTD sensors were calibrated before deployment and after recovery.
They were reclaimed once for maintenance and calibration during a
cruise on August 4.
During the observation period at mooring, an interdisciplinary sur-
vey was performed from August 17 to 18 in section C at 31°N during
2009 (Fig. 1). During this survey, temperature and salinity proﬁle data
were collected at nine stations using a SBE917plus CTD.
The Level 4 sea surface temperature (SST) data produced by NOAA's
National Oceanographic Data Center were used in this study. The
SST data had a spatial resolution of 5 km × 5 km with a time interval
of one day. The SST data that covered the study area from June 6
to September 17 in 2009 were downloaded from their website at
http://ghrsst.nodc.noaa.gov. The SST at station B was calculated using
the spatial average of the four nearby SST points.
Sea surface wind (SSW) data produced by NOAA's National Climatic
Data Center were used in this study. The 6-h data had a spatial resolu-
tion of a 0.25-degree grid. The SSW data covering the study area fromFig. 1. The location of mooring station B anJune 1 to September 17 in 2009 were acquired from their website at
http://www.ncdc.noaa.gov. The east and north components of the
SSW at station B were calculated using the spatial average of the four
nearby SSW points.
Sea surface Chl-a concentration data derived usingMODIS-Terra and
-Aqua from June 1st to 13th, 2009 were used in this study. The Level 3
mapped data with a spatial resolution of 4 km × 4 km were acquired
from the U.S. National Aeronautics and Space Administration (NASA)
website at http://oceancolor.gsfc.nasa.gov.
The main acronyms used in this paper are listed in Table 1.
3. Results
3.1. Temporal variation of bottom DO
The data atmooring station Bwasmonitored from June 6 to Septem-
ber 17, which almost covered the whole summer in 2009.
Fig. 2a shows that the bottom DO ﬂuctuated with multiple time
scales ranging from a tidal period of 12-h to a 20-day period. The
tidal scale variation of DO was caused by the tidal current advection
of DO. In this paper, we focused on the synoptic and seasonal variation
of DO. Therefore, the daily mean DO (Fig. 3) was used in the following
text, which removed the tidal variation. The most apparent features in
the temporal variation of the daily mean DO were that there were two
decreasing processes of DO. The ﬁrst was from early June to the end
of July, and the second occurred from mid-August to mid-September.
Additionally, there was one increasing process of DO from early
August to mid-August after Typhoon Morakot. The other noticeable
characteristicswere the 12DO increasing-decreasing events. The timing
of the DO increasing events were on June 6th, June 18th, June 24th,
July 6th, July 14th, July 22nd, July 28th, August 2nd, August 19th, August
30th, September 6th, and September 15th. In general, the longer
the time of an increasing event, the higher its corresponding DO peak.
In particular, the DO increased from 0.17 mg/L to 5.86 mg/L in a
13-day increasing event starting on August 2nd. The decreasing rate
of DO following each increasing event was proportional to that of
the increasing rate.
Two episodes of hypoxia were observed during summer 2009. The
ﬁrst hypoxia formed on July 18. Two mild increasing events occurred
within this hypoxia period, with a minimum DO of 0.17 mg/L. Thisd section C off the Changjiang Estuary.
Table 1
List of acronyms.
Acronym Expanded form
CDW Changjiang Diluted Water
Chl-a Chlorophyll-a
DO Dissolved oxygen
DM Difference of h/W3and TM
h/W3 Wind mixing parameter
SBT Sea bottom temperature
SST Sea surface temperature
SSW Sea surface wind
TDSB Temperature difference between SST and SBT
TM Difference of surface energy input and tidal mixing
TWC Taiwan Warm Current
124 X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130hypoxia lasted 17 days until August 3. It ended with the strongest DO
increasing event because of mixing from typhoon Morakot.
The second hypoxia event formed on August 30 and lasted 18 days.
The monitoring ended September 17, except for August 31 because of a
slight increasing event. During this hypoxia event, the DO concentra-
tions were above 1.29 mg/L and varied much less than those in the
ﬁrst event. At the end of this event, the DO began to increase, suggesting
that a new increasing event was going to begin.
3.2. Stratiﬁcation and its impact on bottom DO
The study areawas affected by CDWand TWCduring summer (Zhou
et al., 2009, 2010). Strong thermocline and halocline were formed from
high-temperature/low-salinity CDW on top of the low-temperature/
high-salinity TWC water. They are shown in the vertical distribution of
temperature, salinity and density in section C during summer 200901/06 11/06 21/06 01/07 11/07 21/07
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Fig. 2. The temporal variation of bottom DO (a, mg/L), sea surface temperature/sea bottom te
in 2009.(Fig. 4). The ﬁgures indicate that the pycnocline was primary followed
by halocline and thermocline, implying that stratiﬁcation was primarily
controlled by salinity and temperature, which agrees with Chen et al.
(2007). Because the bottom mounted system only monitored the
bottom parameters, such as bottom temperature and salinity, and we
did not have temperature and salinity proﬁles, and surface salinity
data. Therefore, we used remote sensing SST data and calculated the
temperature difference between SST and SBT (TDSB), which was used
as the index of stratiﬁcation in this study.
Fig. 2b shows that during the observing period, SST and SBT
increased with ﬂuctuations from early June to mid-August. SST then
began to fall but SBT remained unchanged to the end of monitoring.
The minimum SST was 21.8 °C and the maximum SST was 28.4 °C,
which appeared on June 9 and August 22, respectively. The minimum
andmaximum temperatures of SBTwere 17.7 °C and 25.1 °C, which ap-
peared on June 6 and August 16, respectively.
The most apparent pattern for SST and SBT was that each SBT in-
creasing process was associated with a decreasing SST process, which
was caused by the vertical mixing processes. This pattern was clearly
identiﬁed from decreasing stratiﬁcation in terms of TDSB (Fig. 5).
The stratiﬁcation intensiﬁed with ﬂuctuations from June to late July,
declining sharply during the ﬁrst half month of August and weakening
in September. There were approximately 12 obvious decreasing pro-
cesses of stratiﬁcation. The 12 processes were on June 6th, June 14th,
June 23rd, July 4th, July 13th, July 20th, July 28th, August 1st, August
19th, August 26th, September 6th, and September 12th. The water
column was well mixed by the end of the 14-day decreasing process
from August 1st to 15th.
The variation of the daily mean bottom DO was almost out of phase
with that of TDSB (Fig. 5a), which indicated the importance of the
stratiﬁcation on the formation of hypoxia. This correlation between31/07 10/08 20/08 30/08 09/09
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Fig. 3. The temporal variation of the daily mean DO (mg/L) and its rate (mg/L/day) at station B in 2009. Daily mean DO rates are green for a negative rate and red for a positive rate.
125X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130bottom DO and stratiﬁcation was discussed by Rabalais and Gilbert
(2009). During the summer of 2009, each of the 12decreasingprocesses
of stratiﬁcation was associated with an increasing event of DO. The
dominant variation period of DO and stratiﬁcation was 3.7 days. Based
on delayed linear correlation analyses, the DO and stratiﬁcation were
negatively related with the coefﬁcient of determination r2 = 0.95, and
the DO lagged for 8 h by stratiﬁcation. However, DO variation was
not sensitive to decreasing stratiﬁcation processes during the second
hypoxia event, where the DO was relatively stable when stratiﬁcation
substantially declined.
3.3. Wind mixing and its mediation on stratiﬁcation and bottom DO
The temporal variation of SSW from June 1 to September 17, 2009 is
shown in Fig. 2c and d. Wind speed changed periodically in time scales
of 3–4 days. The SSW experienced four typical stages during the sum-
mer according to its speed and direction: 1) a southerly wind occurred
before August, 2) a strong easterly wind induced by Typhoon Morakot
occurred from August 1 to August 12, 3) a southerly wind occurredFig. 4. The distribution of temperature (°C), salinity and density anuntil the end of August, and 4) a northeasterly wind occurred in
September. A strong wind with a speed of more than 8 m/s frequently
occurred, which enhances vertical mixing along with surface energy
input and tidal mixing (MacCready et al., 2009; Xuan et al., 2012).
Wind mixing in the study area was calculated using a stratiﬁcation
and mixing model for shallow seas (Simpson et al., 1978). The wind
mixing was quantiﬁed by a parameter h/W3, which is the amount of en-
ergy required to mix the water column inﬂuenced by the competition
between surface heat energy input and tidal mixing (Eq. (1); Xuan
et al., 2012).
DM ¼ h=W3−TM
¼ h=W3− δksρs αgQ=2c− 3π=4ρkε  h=uT3
 −1 −1  ð1Þ
The second term on the right side of Eq. (1) was quantiﬁed by TM to
express the difference of surface energy input and tidal mixing. In
Eq. (1), h is the water depth, W is the wind speed, ks is the surface
drag coefﬁcient, ρs is the air density, δ is the rate of dissipated windomalies (σt, kg/m3) in section C from August 17 to 18, 2009.
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Fig. 5. The temporal variation of bottom DO (a, mg/L) with TDSB (a,°C), and sea surface wind (b, m/s) with TDSB (b, °C) at station B in 2009.
126 X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130energy, uT is the depth-averaged tide velocity, c and ρ are the speciﬁc
heat and density of seawater, k and ε are two efﬁciencies of tidemixing,
α is the volume expansion coefﬁcient, and Q is the rate of heat input.
All of the parameters in Eq. (1), except for h and uT, are discussed in
Xuan et al. (2012), which studied in the same area and season. The
30-minute interval for monitoring time-series data of h and uT are
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Fig. 6. The temporal variation of depth-averaged tide velocityTheDM is deﬁned as h/W3 minus TM. When DM is positive, i.e., h/W3
is greater than TM, the wind mixing is not strong enough to mix the
water column along with the surface energy input and tidal mixing.
The water column is separately mixed at the top and bottom layers,
and the mixing is stronger when the DM value was smaller. However,
when DM is less than zero, i.e., h/W3 is less than or equal to TM, the
wind mixing is able to mix the water column completely along with6/07 05/08 15/08 25/08 04/09 14/09
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b
uT (a, m/s) and water depth h (b, m) at station B in 2009.
127X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130surface energy input and tidal mixing. However, DM less than zero was
only a necessary condition for mixing the water well, whether a water
column could bemixed well or not was still dependent on the duration
of wind mixing.
The results of TM and h/W3 are shown in Fig. 7. TM showed a similar
ﬂuctuation pattern of tidal current, but h/W3 varied in synoptic scale
similar to wind speed. Generally, TM was much less in magnitude and
variation compared with that of h/W3 because the surface energy
input and tide current were relatively stationary compared with the
changing wind. Fig. 7 shows that h/W3 approached TM from time to
time, indicating vertical mixing events appeared frequently. Vertical
mixing may have occurred during June 7th–9th, June 12th–19th, June
23th–27th, July 5th–18th, July 23th, July 28th, August 1st–11th, August
18th–19th, August 28th–29th, September 6th–9th and September 12th
when h/W3 approached TM. Especially strong vertical mixing may have
occurred during June 8th–9th, June 27th and August 7th–11th when
h/W3 was less than TM.
Stratiﬁcation was the result of the competition between wind
mixing, surface energy input and tidal mixing in the study area. Xuan
et al. (2012) noted that vertical mixingwould be signiﬁcantly enhanced
when wind speed was greater than 8 m/s, including surface energy
input and tidal mixing factors. The relationship between the wind
speed and TDSB demonstrated similar results (Fig. 5b). Although strong
wind events (N8 m/s) were not always followed by decreasing pro-
cesses of stratiﬁcation, stratiﬁcation declined obviously when h/W3
approached TM, indicating that vertical mixing event occurred, and
the DO increased accordingly (Fig. 7). Strong vertical mixing occurred
on June 8th–9th, June 27th, July 14th, July 23th, July 28th, and August
7th–11th when h/W3 was less than TM, suggesting the water column
could be completely mixed with enough time. The stratiﬁcation de-
creased and DO increased signiﬁcantly during these periods. The dura-
tion of their variation was proportional to duration of the negative10-3
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Fig. 7. The temporal variation of TDSB (a, °C) with h/W3 (a, m−2 s3) and TM (a, m−2 s3), dailyDM. For example, stratiﬁcation was almost destroyed and DO reached
its maximum during the longest strong mixing induced by Typhoon
Morakot during August 7th–11th, which terminated the ﬁrst hypoxia
event.
Fig. 8 shows the variation of log10(DM), TDSB daily changing rates
and DO daily changing rates, when wind, stratiﬁcation and DO pro-
cesses occurred. However, Fig. 8 shows the delayed effects of wind
mixing on stratiﬁcation and DO. Based on delayed correlation analyses,
the coefﬁcient of determination between TDSB and DM was r2 = 0.72
for a 3.4-day period with TDSB lagged 35 h relative to DM. The co-
efﬁcient of determination between DO and DM was r2 = 0.65 for a
3.1-day period with DO lagged 33 h relative to DM.4. Discussion
4.1. The process and status of hypoxia
The bottom DO in our dataset demonstrated typical seasonal and
intra-seasonal variations. Fig. 3 shows that fromearly summer, as strong
stratiﬁcation formed because of high runoff and enhanced solar radia-
tion, bottom DO gradually declined with the effects of the inhibition of
DO vertical mixing and the decomposition of organic matter. Until
mid-summer, the DO decreased as stratiﬁcation persisted and became
stronger, and hypoxia occurred on July 18th for the ﬁrst time. The
hypoxia lasted 17 days until August 2 when it disappeared because of
strong vertical mixing induced by Typhoon Morakot. The bottom
water was re-oxygenated and the DO reached its peak magnitude
from vertical mixing. The DO repeated the process before August 2,
and hypoxia reappeared rapidly on August 30 because of a higher DO
decreasing rate. It lasted 18 days to the end of the monitoring period.
The formation of the second hypoxia was much shorter at 15 days26/07 05/08 15/08 25/08 04/09 14/09
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128 X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130(from August 15 to 30) compared with that of 38 days (from June 10 to
July 18) from the ﬁrst event.
However, the evolution process of DO was not a simple seasonal
phenomenon, as previously thought, based on discrete seasonal or
monthly data. Wind events disturbed the process in synoptic scales.
There were six increasing–decreasing events of DO during the ﬁrst for-
mation period of hypoxia and two increasing–decreasing events in the
second one. On average, the DO increasing–decreasing event occurred
once a week following the synoptic variation of wind.
The status of the two episodes of hypoxia showed that hypoxia was
likely to occur in stratiﬁed water during summer and was severe and
lasted longer time. During the ﬁrst hypoxia period, the minimum DO
was down to 0.17mg/L, which was the lowest in recorded history com-
pared with previously published data (Gu, 1980; Li et al., 2011; Wang,
2009; Wang et al., 2013; Zhou et al., 2009). This serious hypoxia
may have occurred from the late 1990s when the hypoxia area began
to enlarge signiﬁcantly. This was not known because of a lack of contin-
uous monitoring. The second hypoxia lasted 18 days until the end of
monitoring on September 17. The DO began to increase at the end.
However, the hypoxiamay have continued for a longer time, suggesting
that the increasing event was relatively weak with an increasing rate
of 0.1 mg/L/day. Hypoxia may have occurred from July to September
and persisted for a long period off the Changjiang Estuary, instead of
appearing in August and lasting for a short duration, as suggested by
historical discrete observations.
4.2. Impact of wind mixing on hypoxia
The duration of hypoxia formation was much shorter than previ-
ously thought. The observed DO decreasing rate (0.20 mg/L/day on
average) was much higher than the DO consumption rate of 0.018 to0.054 mg/L/day from on board organic matter degradation experi-
ments (Zhu et al., 2013). Based on experimental results, the duration
of hypoxia formation from DO of 4.7 mg/L was 50–150 days (Zhu
et al., 2013), which was much longer than the 20 days (from June 28
to July 18) and 15 days (from August 15 to August 30) observed from
the two hypoxia events with similar starting DO concentrations.
Although strong wind events always raised the bottom DO, the DO
decreasing rate was always high for several days after strong wind
mixing processes, and then it declined signiﬁcantly (Figs. 3, 9c). The
DOdecreasing rate after strongwind eventswas slightly lower or higher
than the DO increasing rate during wind process from time to time but
were the same on average. This suggests that the DO consumption rate
was approximately the same order of the DO increasing rate induced by
wind mixing in several days, and the DO decreasing rate was higher
when the wind processes were stronger. The second hypoxia formed
in 15 days because of a high DO decreasing rate after the ﬁrst hypoxia
was disturbed by strong wind processes.
The high DO decreasing ratewas the result of enhanced phytoplank-
ton bloom induced by wind mixing, and high organic decomposition
rates in high DO conditions (Zhu et al., 2013). Strong wind processes
could trigger strong vertical mixing and upwelling, which supplied
large amounts of nutrients to upper euphotic layers from the bottom,
promoting primary productivity and phytoplankton blooms (Babin
et al., 2004; Herbeck et al., 2011; Hung et al., 2013; Lin et al., 2003).
The high DO decreasing rate was the result of the decomposition of
large amounts of organic matter descending from upper layers. Contin-
uous satellite Chl-a data from June 1–13 showed that the Chl-a variation
was similar towind processes (Fig. 9). Chl-a concentrations increased to
a peak value of 6-fold and 3.4-fold within two days after two wind
events began on June 1st and June 8th, respectively. During the second
wind event, the bottom DO concentration started to decrease when
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Fig. 9. The temporal variation of Chl-a (a, mg/m3) with h/W3 (a, m−2 s3) and TDSB (a, °C), Chl-a (b, mg/m3) with h/W3 (b, m−2 s3) and daily mean DO (b, mg/L) at station B in 2009.
129X. Ni et al. / Journal of Marine Systems 154 (2016) 122–130the Chl-a concentration increased, and declined sharply when Chl-a
reached its peak on June 11th. Stronger phytoplankton bloom was
found after Typhoon Marakot in the southern East China Sea to the
south of our study area (Li et al., 2013; Tang and Sui, 2014), which in-
creased the Chl-a concentrations to 10-fold to 60-fold based on ﬁeld
and satellite data. This result supported the highest DO decreasing
rate after Typhoon Marakot in our data.
We could not conclude that strong wind events would relieve hyp-
oxia off the Changjiang Estuary. Strong wind processes during Typhoon
Morakot removed the ﬁrst hypoxia event during summer 2009. How-
ever, the second hypoxia event occurred 15 days later on August 30th
because of a high DO decreasing rate induced by this wind process. The
ﬁrst hypoxia event formed in 20 days from June 28 to July 18 with a
lower starting DO value. Wind mixing could relieve hypoxia, but may
make hypoxia more serious. At the end of the ﬁrst hypoxia event, the
DO concentration may not drop to 0.17 mg/L if there were no mixing
processes on July 22th and 28th, which may have brought more ﬂesh
organisms from the top. Approximately 3–6 typhoons pass over the
Changjiang Estuary annually (Su, 2005; Wei et al., 2007), which inter-
vene in hypoxia events. However, effects of typhoon on hypoxia depend
on its path and strength and duration.5. Conclusions
For the ﬁrst time, we depicted the process of how summer hypoxia
formed, maintained and disappeared using 104-day time-series data
of bottom DO in the northern Changjiang Estuary. During the summer
of 2009, two hypoxic events occurred, lasting 17 days in July and
18days from late August to September. TheminimumDOconcentration
was down to 0.17 mg/L during the ﬁrst hypoxia period, which was the
lowest in historical record compared with the published data.Windmixing played an important role on vertical mixing compared
with small changes of surface energy input and tidalmixing. The results
of correlation analyses showed that variation of DO and stratiﬁcation
were controlled bywind processes. The strongest wind process induced
by Typhoon Morakot promoted bottom DO by breaking down the
pycnocline, which ended the ﬁrst hypoxia event. Strongwind processes
induced a high DO decreasing rate because of phytoplankton blooms
caused by wind mixing and a high organic decomposition rate in high
DO concentrations, forming the second hypoxia event. It was difﬁcult
to conclude that strong wind events would deﬁnitely relieve hypoxia
off the Changjiang Estuary.
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